Preliminary results for the 2014/15 season indicate low to null effect of vaccination against influenza A(H3N2)-related disease. As of week 5 2015, there have been 1,136 hospital admissions, 210 were due to influenza and 98% of subtype A strains were H3. Adjusted influenza vaccine effectiveness was 33% (range: 6-53%) overall and 40% (range: 13% to 59%) in those 65 years and older. Vaccination reduced by 44% (28-68%) the probability of admission with influenza.
Introduction
The 2014/15 influenza season in the northern hemisphere is characterised by the circulation of A(H3N2) viruses belonging to clade 3C.2a and 3C.3a, distinct from the A/Texas/50/2012(H3N2)-like (clade 3C.1) reference strain used in the 2014/15 northern hemisphere vaccine [1] . Preliminary influenza vaccine effectiveness (IVE) estimates from Canada [2, 3] and Europe [4] , report a null effect of the current vaccine in preventing laboratory-confirmed influenza A(H3N2) with 3.4% (95% confidence interval: (−44.8 to 35.5) against medically attended acute respiratory infection (ARI) and −16.8% (−48.9 to 8.3) against hospital admissions. Early estimates from the United States (US) [5] , reported a low effect of 23% (8-36%) against medically attended ARI associated with laboratory-confirmed influenza.
An active annual surveillance scheme in the Valencia Region in Spain monitors IVE in preventing laboratoryconfirmed influenza requiring hospitalisation [6] . In the current season, a split trivalent vaccine (Vaxigrip; SANOFI PASTEUR MSD, S.A. Madrid, Spain) was acquired by public tender and offered free of charge to non-institutionalised people targeted for influenza vaccination because of age or the presence of comorbidity [7] .
We report 2014/15 influenza IVE in preventing laboratory-confirmed influenza admissions in patients admitted during the first eight weeks of the 2014/15 influenza season, from 7 December 2014 to 25 January 2015.
Methods
We performed a test-negative study in 10 hospitals that provide healthcare to 48% of the 4,937,044 inhabitants of Valencia. The influenza season began in week 50 2014 (Figure 1) , as defined by two or more positive influenza hospitalisations identified in two consecutive weeks.
Study procedures have been published [6] . Study staff screened emergency admissions for eligible subjects. Patients were included after written consent if they reported symptoms of influenza-like illness (ILI) [8] within seven days of admission. We collected a combined nasopharyngeal and pharyngeal flocked swab and sociodemographic and clinical information. A patient was considered immunised if they had received influenza vaccine more than 14 days before the onset of ILI (as recorded by the Vaccine Information System or by recall).
Laboratory confirmation was by semiquantitative reverse-transcription polymerase chain reaction. The specimens were tested in a centralised virology laboratory at Fundación para el Fomento de la Investigación Sanitaria y Biomédica (the Foundation for the Promotion of Health and Biomedical Research; FISABIO) following the World Health Organization (WHO) protocol [9] .
Influenza-positive admissions were compared (vaccination odds ratio (OR)) with influenza-negative admissions [10, 11] . Adjusted IVE was defined as 100 x (1 -adjusted OR). We defined two groups for IVE estimation: (i) all subjects 18 years and older targeted for vaccination, and (ii) subjects aged 65 and older. Other subgroups were not considered to avoid a sparse-numbers bias [2, 12] . The sample size sufficient to provide 80% statistical power to detect an IVE of at least 50%, for a vaccine coverage of 50 to 60%, with a delta of 10%, was 130 to 150 influenza cases.
The adjusted OR were obtained by logistic regression. Previous knowledge and directed acyclic graphs (DAG) [13, 14] were used to define the variables finally used to improve comparability and exchangeability between vaccinated and non-vaccinated subjects and to clarify the minimum set of variables to be included in the regression logistics models and in the inverse probability-weighted regression adjustment models. The roles of 'previous vaccination' as an instrumental variable highly correlated with current vaccination and 'time to swab', which cannot be considered a confounder but is clearly related to outcome, were made explicit with the use of DAG. We assessed departure from linearity in categorical ordered variables, interaction between potential confounders and vaccination, and clustering by enrolment site or epidemiological week. We used inverse probability-weighted regression adjustment to estimate the vaccination average effect from observed data [15, 16] after conditioning influenza admissions on indicator variables: age in deciles, epidemiological week, number of comorbidities, smoking habits, hospital admission in the last 12 months, number of outpatient contacts in the last three months, time to swab, and recruitment hospital. We conditioned vaccination on the same covariates, excluding time to swab and adding influenza vaccination in the past two seasons.
Sensitivity analyses were performed according to time to swab and vaccination ascertainment in the vaccine information system. All probabilities were two-tailed; p < 0.05 was considered significant. Analyses were performed with Stata 13.1 (StataCorp, College Station, TX).
The Ethics Research Committee of the Dirección General de Salud Pública-Centro Superior de Investigación en Salud Pública (DGSP-CSISP) approved the protocol of the study.
Results
We enrolled 1,136 hospital admissions, 210 with influenza (Figure 2 ), 196 of them influenza A. Of the 101 influenza A subtyped strains, 99 (98%) were H3. Of all admissions, 1,108 (82%) were patients older than 65 years (Table 1) . Of the 210 influenza-positive patients, 110 (52%) were vaccinated compared with 722 (64%) of 1,136 influenza-negative patients (Table 2) .
Adjusted IVE was 33% (6-53%) overall and 40% (13-59%) in those 65 years and older ( Table 2 ). The probability of influenza-related admission in vaccinated individuals was 13% (10-15%) compared with 22% (18-27%) in those unvaccinated (data not shown).
Vaccination reduced by 44% (28-68%) the overall probability of hospital admission with influenza (Table  2) . These results were not altered in the sensitivity analysis ( Table 2 ).
Discussion
Our estimate suggests that the 2014/15 influenza vaccine was moderately effective in preventing hospital admissions related to influenza in a season in which most influenza A(H3N2) viruses were different from the component in the 2014/15 influenza vaccine [17] . We can only provide information regarding the genetic characteristics of strains analysed at the Centro Nacional de Microbiología, Instituto de Salud Carlos III in Madrid [17] . According to their data, 67% of A(H3N2) clades could be considered antigenically and genetically different from the vaccine strain. We cannot make inferences regarding the impact on IVE of the type of vaccine used in Valencia as only one brand of vaccine was used throughout the region (99% of doses according to the vaccination registry). Previous reviews and reports have shown that the trivalent inactivated vaccine can confer substantial protection against mismatched influenza A [18 -20] . Unfortunately, data from mismatched seasons on IVE in people 65 years and older are scarce [21] .
There can be considerable variation in reported IVE estimates due to differences in strain circulation among countries, strain proportion within one region, the vaccines used, age-specific vaccine coverage, the population studied, season definition, case definition, ascertainment of vaccination status, differences in the period of surveillance, the variables included or omitted in the statistical model, how they are modelled, and measured outcome (admission, outpatient contact or infection) [11] . A major caveat are sparse numbers. The absence of statistical significance should be expected in studies with low vaccine coverage, IVE or a limited sample size [2, 12] , as reflected in our sensitivity analysis (Table 2) .
Influenza VE estimates generated from surveillance data using the test-negative design have already been presented at the WHO's annual strain selection meeting [11] as a way to improve the vaccine composition. However, variation in the estimates may undermine their credibility and usefulness, particularly early in the season. It is important to focus on sufficient sample size, robustness of the design, representativeness of the population, and validity of adjustment to inform vaccine reformulation and vaccination policies based on epidemiological data.
Our results support the substantial benefit of vaccination in preventing hospital admissions with laboratoryconfirmed influenza in the first weeks of the 2014/15 season in Valencia.
